Many careers find within-family career following common including law, politics, business, agriculture, medicine, entertainment, and professional sports. As children enter the same career as their parents, there are potential benefits: physical-capital transfer, human-capital transfer, brandname-loyalty transfer, and/or nepotism. In Formula One (auto racing) career following is also common where many sons follow their father into racing and many brothers race at the same time. Using a panel describing the annual statistics for drivers from 1953-2011, we find that the brothers of Formula One drivers appear to benefit from human capital transfer and nepotism but that sons gain little from human capital transfer and do not enjoy nepotism. We do find, however, that only the best drivers have sons who follow them into racing suggesting that sons can extend the brand name-loyalty their famous fathers have created.
Introduction
The relationship between a parent's career and a child's career choice has been the interest of researchers across several fields. In economics, Laband and Lentz have studied career following by children in a variety of industries. Not surprising, the reasons for why a child follows a parent into a particular career differ by industry. For example, Laband and Lentz (1983b) show that the children of farmers who also become farmers tend to farm the same land as their parents suggesting both human capital transfer, in the form of knowledge of how to farm, and physical capital transfer, in the form of the land and equipment required to farm. In the United States nearly fifty percent of self-employed proprietors are second-generation business owners, that is, one or more parents were also business owners, suggesting that name brand loyalty, human-capital transfer, and/or physical-capital transfer might all influence the choice of the child. Laband and Lentz (1990a) show that a baseball player who is the son of a former player tends to play the same position as their fathers, suggesting human capital transfer either in the form of natural ability or in the knowledge of how to train and play at the highest level. Laband and Lentz (1985) show that the children of politicians are more likely than the children of non-politicians to become politicians themselves. Furthermore, the children of politicians do better than their parents in winning elections. The evidence suggests that politics is characterized by brand name loyalty and human-capital transfer in that parent politicians teach their children how to also be successful politicians. Laband and Lentz (1992) show that the children of lawyers who follow their parents into law tend to do better in the early years of law practice than the children of non-lawyers. The evidence suggests that the practice of law is characterized by human capital transfer in that parents teach their children how to be a successful lawyer. There might also be physical-capital transfer, 4 however, if parents hand a successful practice to a child; but also, perhaps, nepotism if the children of lawyers gain an advantage in where they are accepted to law school or provided with opportunities they receive after law school. Nepotism appears to be a bigger issue in medical school admissions in the United States. Laband and Lentz (1990b) show that the children of doctors have an advantage in medical school admission even if they have lower test scores or grades.
The question asked in this paper is whether there are benefits to family connections in Formula One (henceforth F1) racing. The primary motivation for our interest is that family connections are very common in many areas of auto racing. For instance, in NASCAR in 2005, 23 out of 76 drivers had a family connection. Groothuis and Groothuis (2008) find that there is no nepotism in NASCAR when it comes to career length because sons have no longer careers when controlling for their performance on the track but they do find that a father's have a higher likelihood of exit. They suggest that fathers of drivers may leave early with their son being able to extend their brand name loyalty. In addition, Rotthoff, Depken, and Groothuis (2014) find that when tracking time on camera during NASCAR races, sons of former racers are more likely to be on camera then their performance would indicate. They suggest that the extra time on camera is due to brand loyalty transfer. In F1 racing twelve sons have followed their fathers in that circuit as well as many brothers who raced at the same time. There are many reasons why a child would follow a parent or a sibling into racing including the aforementioned physical-capital transfer, human-capital transfer, brand-name-loyalty transfer, and nepotism.
1 Given that all of the career following F1 to date has been male will use the designation of father, son, and brother.
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Using a panel of annual statistics for F1 drivers from 1950-2011, we investigate whether sons and brothers start their careers earlier and are better early in their career (human capital transfer), whether fathers are better drivers with longer careers than non-father drivers (brand name loyalty), and whether sons and brothers have longer careers than their productivity would suggest (nepotism). To preview our results, it appears that F1 is characterized by a weak form of human capital transfer, with the potential for brand name loyalty transfer between fathers to sons, and that brothers (but not sons) may experience nepotism.
Family connections in Formula One Racing: Testable Hypotheses

Human-Capital Transfer
Formal education is one common way to acquire general human capital. In the United
States, a high-school education is expected to provide sufficient knowledge and skills to be successful in college or the work force (Kendall, et al., 2007) . However, firm specific human capital is often acquired through on-the-job training in what might be considered a shared investment between the firm and the employee (Becker 1993) . Furthermore, many occupational skills are learned informally on the job, such as learning by doing in farming, being a sole proprietor, or learning a corporate culture.
In the area of sport, many of the skills required for success in a particular area fall in between formal and informal education; strategy and tactics might be something that is learned through study and practice whereas innate ability might be augmented with physical training and nutrition. Still other sports skills can only be obtained by participating in the sport through learning by doing. In baseball, hockey, basketball, and soccer, minor league teams develop the talent of players, whereas American football players usually develop their skill for the professional leagues 6 through college athletics. In F1 racing, several lower series, such as Formula 3 series, the GP2 series, and the Formula 3000 series (formerly Formula 2 series), provide avenues through which drivers can develop their skills.
Racing families have an advantage over children in non-racing families in that they grow up in the tradition of racing, have the opportunity to acquire skills and knowledge by being at the track and in the garage with their families, and by having family members who might have plans 
Nepotism
Intuitively, nepotism is a form of Becker's employer-based discrimination (Becker 1962 ).
In Becker's original model, firm owners get a disutility in hiring members of a particular group.
Nepotism, on the other hand, is the result of a firm owner gaining positive utility from hiring family-connected workers. Fathers might gain positive utility from hiring their child even if there are more productive workers available; hence, the popularity of the "and sons" (and increasingly of "and daughters") in firm names. In the area of motorsports, nepotism would manifest with sons of drivers having longer careers than their productivity would otherwise suggest. This leads to our fourth testable hypothesis:
H4: F1 drivers who are sons of drivers or brothers of drivers have careers no longer than nonfamily connected drivers, all else equal.
In the end, there are many potential reasons for children to follow a parent into a career in motorsports. These reasons, however, are not necessarily mutually exclusive. Human-capital transfer contends that family-connected drivers enter racing at a younger age and might be more productive in the early years of their career. Brand name loyalty states suggests that only the best drivers should have sons who follow them into racing. Finally, nepotism argues that familyconnected drivers should have longer careers than their productivity indicates relative to drivers without family connections. The next section describes the data we use to test these various hypotheses in F1 racing.
The Data
To test the aforementioned hypotheses, we use a panel describing all individuals who drove in the F1 championship series from 1950 through 2011. This sixty-year panel consists of 728 drivers and 2693 observations. We identified family connections using various data sources that indicate those drivers who are father-son relatives and who are brother-brother relatives. Some drivers are brothers without being sons of another driver and some drivers are the father of another professional driver who did not compete in the F1 circuit. Table 1 reports those drivers identified as fathers, sons, and brothers in the F1 circuit.
[ Table 1 ] Table 2 provides cross-tabulations of the brothers and sons, fathers and sons, and fathers and brothers. As can be seen, there are ten drivers who are both sons and brothers, for example, Michael and Mario Andretti, and fifty-three drivers who are brothers but not sons of an F1 driver.
Five drivers are both the father and a son of another professional driver and sixteen fathers are also a brother of another professional driver.
[ Table 2 ] Table 3 reports the descriptive statistics of the entire sample and for each category of family connection. The data include age as well as performance data such as wins, podiums, laps led, races, and average finish. The average number of races per driver is about 7, per season wins 0.31, podium finishes, the number of times the driver finished a race in the top three, averages .94, and laps led per season averages 20.74. The average age in F1 is 31 with the youngest driver being 19 and the oldest 56.
[ Table 3 ]
In Table 3 , we also report the means by family connection, comparing those with family connections to those with no family connections. We find that all performance variables are better in the various sub-categories of family connections compared to drivers without family connections. On average fathers tend to do better than sons, while brothers do better than sons but worse than fathers. The average career length, as measured by all non-right censored observations ranges from 3.70 years for drivers without family connections to 6.24 years for fathers. The careers of sons average 4.35 years and those of brothers last 6.20 years. Sons and brothers start their careers at the average age of 27 whereas fathers start at an average age of 28 and drivers without family connections start their career at an average age of 31.
On the surface, the averages are consistent with nepotism, brand transfer, or human-capital transfer and all might cause career following in the F1 circuit. To further explore the importance of family relations and determine if nepotism exists in F1, we analyze the data using parametric, non-parametric, and semi-parametric techniques.
Human Capital Transfer and Brand Loyalty
Sons of drivers and brothers of drivers might have inherent advantages because they grow up in and around the racing environment. The human capital transfer from fathers to sons and from brother to brother might lead to sons and brothers to be better drivers at earlier ages, thereby increasing the odds that these individuals would be hired to drive for an F1 team at an earlier age than non-family-tied drivers. To test this hypothesis, we test whether there is a statistically significant difference in starting age between sons and non-sons and brothers and non-brothers.
The results of these tests are reported in Table 4a and show that both sons and brothers start their career in F1 at younger ages than non-sons and non-brothers. Sons start driving, on average, when they are 28.6 years of age whereas non-sons average 31.47 years of age when they start driving.
Brothers start driving, on average, when they are 30.33 years of age whereas non-brothers average 31.53 years of age when they start driving. Both differences are statistically significant at the five percent level and suggest that there might be human capital transfer within F1 racing.
A second hypothesis about human capital transfer is that sons and brothers might perform better early in their career. To test this, we compare four common productivity measures between sons and non-sons and brothers and non-brothers after three years of racing in the F1 circuit: total races completed, total wins, total podiums, and total laps led. The results are reported in Table 4a .
While both sons and brothers complete more races than non-sons and non-brothers, respectively, in their first three years, sons do not have more wins, podiums, or laps led than non-sons after three years. However, brothers do have more wins, podiums, and laps led than non-brothers after three years of racing. In the case of sons, we find no evidence that the four performance measures are jointly statistically different from non-son drivers. However, for brothers we do find evidence that their production statistics are jointly statistically different from non-brother drivers. Therefore, while both sons and brothers exhibit human capital transfer by starting their careers earlier and having a few more races after three years, it appears that brothers enjoy more productivity benefits from human capital transfer than sons.
[ Table 4] A third hypothesis about family connections in F1 is that fathers who have sons in racing are themselves among the best drivers. This allows the driver fathers to capitalize on their brand (family) name through future generations of drivers. If a driver does not have any brand loyalty because they are not very good drivers, this would provide less incentive to hire or encourage the next generation to enter the circuit. We aggregate each driver's career across all years and test 12 whether fathers are statistically better than drivers without family connections in seven categories:
age at end of career, total races, total laps, average finishing position, total wins, total podiums, and total laps led. The results for these tests are reported in Table 4b .
Fathers of drivers end their careers at an average age of 35.9 whereas non-fathers (who are also non-sons and non-brothers) end their career at an average age of 32.9 (the difference is statistically significant at the five percent level). Fathers also complete more races than their peers (40 more on average), have more laps completed (1967 more on average), and have a better finishing position (1.69 positions better on average) over the course of their careers. While having longer careers (3.67 years longer on average) can contribute to more races and laps completed, fathers are also better drivers as reflected in more wins (4.5 more on average), more podiums (10.2 more on average), and more laps led (289 more on average) during their career. We find that for fathers these productivity statistics are jointly statistically different from zero. This is consistent with brand name recognition having value in F1 as it does in other areas. human capital transfer compared to sons but brothers also end their careers with greater potential brand name loyalty, which they could pass along to the next generation of drivers.
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Nepotism in Formula One: Evidence from Career Duration
The possibility of nepotism in F1 racing is the final hypothesis to test. We define nepotism as occurring when drivers who are sons or brothers have longer careers holding their production constant with non-son and non-brother drivers. We could estimate career lengths using standard OLS techniques, but doing so has well-known problems. Therefore, we analyze the career lengths of F1 drivers via non-parametric and semi-parametric methods.
Non-parametric Estimation
To help understand career duration in F1 racing, we calculate yearly hazard rates as:
where dt is the number of drivers who end their career in year t and nt is the number of drivers at risk of ending their career in year t. The hazard rate can be interpreted as the percentage of drivers who exited F1, given they have acquired some level of tenure at time t. We suspect that the majority of exit is involuntary, particularly for drivers with short careers, although our data do not indicate whether exit is voluntary or not.
In Table 5 , we report the total hazard rate and the hazard rate for drivers with no family connections and those with family connections by being a father, son, or brother. We find that family-connected drivers are less likely to exit early in their F1 career than non-family connected drivers. It is also clear that drivers who become fathers of drivers have the lowest probability of exit. Brothers who race also have a lower probability of exit. Sons have a higher probability of exit than both brothers and fathers but a lower probability of exit than drivers without family connections.
[ Table 5] 14
In Figure 1 , we plot the hazard rate by family-connection category. The plot of drivers without family connections shows that the hazard rate gradually declines for the first four years of the average driver's career and then levels out. Yet, it is always higher than for family-connected drivers except in the last few years for sons. Sons also show a gradual decline in career exit during the first four years of their career before their exit probability levels off. Brothers and fathers exhibit relatively low and steady exit probabilities with some jumps around seven years of experience.
Comparing the plots, it appears that drivers with family connections are somewhat less likely to exit F1 during the first ten years of their career as their hazard rates are consistently lower than those of drivers without family connections. After ten years, however, both the brother and son hazard rates and the hazard rates of drivers without family connections cross while the hazard rates of fathers always remain lower than the hazard rate of drivers without family connections.
While the non-parametric approach suggests there are differences in career length between familyconnected and non-family-connected drivers it is not possible with this methodology to determine if these differences are due to productivity differences or nepotism. We therefore move to semiparametric techniques to control for differences in productivity.
Semi-parametric Estimation Methodology
To capture the overall length of a driver's career, our data contains only flow samples because 1950 was the first year of the series. As with most panels, our data is right-censored where many careers were ongoing when our sample ended in 2011. We estimate semi-parametric hazard functions following Berger and Black (1999) , Groothuis and Hill (2004) , and Groothuis and Groothuis (2008) . Because our data are at the season level, we calculate our hazard model as a discrete random variable. As with Groothuis and Hill (2004) , we model the durations of a single spell.
We also assume a homogeneous environment so that the length of the spell is uncorrelated with the calendar time in which the spell begins, except for a time trend variable. This assumption lets us treat all a driver's tenure of a given length of time as the same regardless of when it occurred in the sample period. For instance, all fourth-year drivers are assumed to have the same base-line hazard, regardless of calendar time. This implies that a fourth-year driver in 1960 has the same baseline hazard as a fourth-year driver 2010, with the exception of a time trend (for the technical details of the model see Groothuis and Hill 2004.) Given this model, the hazard function is the conditional probability of exiting F1 series,
given that the F1 career lasted until the previous season. The hazard function must have a range from zero to one; in principle, any mapping with a range from zero to one will work. Cox (1972) recommends (2) h
, which is simply a logit model with intercepts that differ by time periods. The term ht is a baseline hazard function, which is common to all observations; the xβ term, determined by the driver's personal and productivity characteristics, shifts the baseline hazard function, but it affects the baseline hazard function in exactly the same way each period. Berger and Black (1999) consider other hazard functions and find that the results are relatively robust across various specifications of the hazard function. We follow Cox and use the logit model.
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The intuition behind equation (2), when using the logit model for the hazard function, is relatively simple. For each year during the sample period in which a driver races in F1, the driver either comes back for another season or ends his career. If the driver's career ends, the dependent variable takes on a value of one; otherwise, the dependent variable is zero. The driver remains in the panel until either the driver exits F1 or the panel ends. If the panel ends, the worker's spell is considered right-hand censored. Thus, a driver who begins his F1 career during the panel and races for 6 years will enter the sample six times. The value of his dependent variable will be zero for the first 5 years (tenure year one through year five) and be equal to one for the sixth year.
Because the drivers in the panel have varying career lengths we are able to identify the hazard function for both long and short careers. The disadvantage to this approach is that the vector γt in equation (2) can be very large. Here it would require 19 dummy variables. We also run into problems with the Cox technique because in F1 there are too few drivers who have very long careers, thereby making it difficult to precisely estimate the dummy variables in γt that reflect the longest careers. To simplify the computation of the likelihood function and keep the few observations for long careers, we approximate the γt vector with a 5 th order polynomial in driver's tenure. This reduces the number of parameters to be estimated from 19 to five. The hazard function becomes (3)
where φ(t) is a 5 th order polynomial in the driver's tenure. Once again, we choose the Taylor series approximation technique over using tenure dummies, due to the small number of observations for high tenures. This method provides a very flexible specification of the baseline hazard, but does impose more restrictions than Cox's model. 3 
Estimation Results
In Table 6 we report the estimates for two specifications of equation 2. In Model (1), reported in Column 1, we include only the dummy variables for family connections and continuous or nearly continuous positive performance measures; column 2 reports the marginal effects evaluated at the sample means (or discrete changes for indicator variables). In Model (2), reported in Column 3, we include the family dummy variables and negative performance measures; Column 4 reports the marginal effects evaluated at the sample means (or discrete changes for indicator variables).
[ Table 6] In the first specification, we find that performance measures influence the likelihood of racing the next season. The more podiums, races completed, and laps completed in a season the less likely is a driver of leaving F1 racing. Furthermore, the better the average finish of the driver during the season the less likely they are to leave F1 racing that year. It appears that number of races won and laps led over the season are not significant influences on drivers leaving in a given year. Not surprising, the age of the driver is positively correlated with leaving F1 racing. Interestingly, the current year is also positively correlated with exit suggesting that recent drivers are more likely to exit F1 racing in a given year, all else equal, than drivers in the past. This finding might suggest a greater level of competition among drivers who seek to drive in F1 in recent years than in the past.
The coefficients on family connections provide some interesting results. To allow for ease of interpretation, we convert the coefficient into a percentage and focus on the magnitude of the effect by using 100[exp(β) -1]. This conversion gives us the percentage difference in hazard rates between the differing family connections. Looking at Model (2), we find that fathers are 33.5 percent less likely to exit in a given year, holding other factors constant; being a son does not impact career exit in a statistically significant fashion; and being a brother lowers the likelihood of exit by approximately 19 percent. These results suggest that there might be some nepotism in F1 directed toward brothers (rather than sons); brothers have longer careers than non-brothers after controlling for their quality as drivers.
Model (3) replaces the positive productivity measures of wins, podiums, laps led, total laps completed, and average finishing position, with negative productivity measures: indicator variables for never leading a lap during the season, never winning during the season, and never having a podium during the season. In this case, the results suggest that never leading a lap and never having a podium both contribute to increased probability of exiting F1 in a given year (7.35 percent and 11.74 percent, respectively). We also find that fathers and brothers are still less likely to exit F1 in a given year, all else equal, and that sons do not seem to experience any different career length.
Overall, the evidence suggests that fathers have longer careers than non-fathers (who are also non-sons and non-brothers) perhaps in an attempt to continue to grow their brand name recognition, which will be more valuable when their son eventually enters professional racing, most often years after the father has retired. In terms of nepotism, which we define as extending the career of a family member beyond what their productivity would suggest, only brothers seem to enjoy any impact of nepotism on their career length; sons do not experience any longer careers than drivers who are not sons (or fathers or brothers).
Conclusions
This paper has undertaken an investigation to the impact of family connections in F1 racing. Family connections have proven important in other industries, including law, acting, and sports (including other forms of motorsports). Children might follow their parents into a particular career because of human capital transfer between parents and children, brand-name recognition, and nepotism. We test all three of these possibilities in F1 using data describing drivers in that circuit from 1950 through 2011.
We find evidence that sons of drivers and brothers of drivers both enter the circuit at a lower age but only brothers seem to be more productive early in their careers. Sons of drivers are no better than non-son drivers in wins, podiums, or laps led during the first three years of their career; drivers who are brothers of other drivers are better than non-brother drivers in all of these categories. This suggests that while both sons and brothers might gain human capital transfer, it appears brothers gain more.
We test whether fathers are better drivers than drivers who do not have a child follow them into professional racing. We find that fathers tend to end their careers at an older age than nonfathers, and that fathers are better than non-fathers in terms of total wins, total podiums, total laps led, and average finishing position. This suggests that those drivers who have a son follow them into racing are from the best drivers. This supports the idea that fathers build brand-name recognition, which is transferred to their children.
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Finally, we test whether career length (as measured in the years between a driver's debut and the driver's exit from F1 racing) is impacted by productivity measures and family connections.
We find that, holding productivity measures constant, drivers who become fathers of future professional racers are less likely to exit F1 in a given year, supporting the previous intuition that such drivers seek to build brand-name recognition. Being the son of a driver does not influence the odds of exiting in a given year, suggesting that there is no nepotism for sons. On the other hand, being a brother of a driver reduces the odds of exit by approximately six percent, holding productivity constant. Thus, there appears to be nepotism directed toward brothers -their careers are longer than their productivity measures suggest. Therefore, it appears that family connections are important for certain drivers in F1 as they are in other industries. 
